Summary: The activities of the enzymes lactate dehydrogenase, 6-phosphogluconate dehydrogenase, and phosphohexose isomerase in primary human breast cancer biopsies are shown to be related to the time between mastectomy and recurrence of the cancer. These enzymes have higher activity in malignant breast tissues generally than in non-malignant breast tissues. In tumours from patients with long free periods these differences are not apparent.
Introduction
We have previously described some biochemical differences between human mammary tumours and non-malignant mammary tissue (Smith, King, Meggitt, and Allen, 1966) . The activities of the enzymes f3-glucuronidase, phosphohexose isomerase, lactate dehydrogenase, isocitrate dehydrogenase, glucose-6-phosphate dehydrogenase (G-6-PD), and 6-phosphogluconate dehydrogenase (6-PGD) were measured. These enzymes were chosen because there is a considerable body of evidence that neoplastic tissues differ from normal tissues in carbohydrate metabolism (Aisenberg, 1961) . There is also evidence that some of these enzymes may be correlated with important clinical characteristics in animal tumours, such as growth rate (Shonk, Morris, and Boxer, 1965) or hormone responsiveness (Rees and Huggins, 1960) .
In our study the enzyme activities in the tumours were very variable, but the activities of several pairs of enzymes were correlated-for example, lactate dehydrogenase and 6-PGD; phosphohexose isomerase and G-6-PD. We concluded that, despite the high variability of the individual enzyme activities, the enzyme pattern-that is the relative activities of the enzymes to each other-had a certain constancy, and suggested that quantitative differences in enzyme activity patterns might be of some prognostic value. The acidic nuclearprotein content of the tumours was also measured, since there was evidence that the amount of these proteins was correlated with growth rate. This work has been extended, and the present paper is an attempt to assess the clinical significance of the results in the light of postoperative "follow-up" information. tConsultant Surgeon, Edgware General Hospital, Edgware, AMiddlcsex.
Materials and Methods
Tissue samples were obtained within 10 to 15 minutes of excision. All the malignant tumours were primary breast carcinomata. Non-malignant tissue was obtained from uninvolved areas of breast containing carcinoma or from patients with cystic glandular hyperplasia. The clinical diagnosis was confirmed by histological examination of the samples. Tissues were frozen on solid CO2 and stored at -200C. until used. The variables measured were not significantly altered after as long as six months' storage under these conditions. We have no evidence for the effect of the initial freezing on human tissues, but in rat liver and in mouse tumours the variables were unaffected by this treatment and remained stable thereafter for long periods at -20°C. (Shonk and Boxer, 1964 , and personal observations). Analyses were generally performed within one month of excision.
Assay Methods.-These have been described in detail (Smith et al., 1966 (Burton, 1956) and total protein (Lowry, Rosebrough, Farr, and Randall, 1951) . Phosphohexose isomerase activity was determined by measuring the amount of fructose-6-phosphate formed from glucose (Bodansky, 1954) (1951) . Triton X-100 was added to the incubation mixture at a final concentration of 0 002%S (v/v) to release any bound enzyme. Assay conditions for both these enzymes were chosen to give linear reaction rates over the period of incubation.
Dehydrogenases (Lactate Dehydrogenase, Isocitrate Dehydrogenase, G-6-PD, 6-PGD).-A second homogenate was prepared, as above, and centrifuged at 2,000 g for 30 minutes at 40°C. The supematant was kept on ice until used. The enzyrne activities were measured by recording the rates of change in absorbance at 340 m,u due to the oxidation or reduction of the appropriate nicotinamide adenine dinucleotide with a Unicam SP 700 recording spectrophotometer. The conditions were chosen to give maximal rates at pH 7.4. In all cases the measurements are based on zero-order activity curves. Details of the reaction mixtures used were given in a previous publication (Smith et al., 1966) .
Acidic Nuclear Proteins.-Frozen tissue (100-200 mg.) was homogenized in 3 ml. of ice-cold 0-25 M sucrose: 3mM CaC12 and filtered through a wire gauze. Nuclei were isolated by sucrose density gradient centrifugation (Allfrey, Littau, and Mirksy, 1964) and acidic nuclear protein prepared as described previously (Smith et al., 1966 
Results
Of over 100 patients whose tumours have been analysed 25 are known to have had recurrences within a period of four years and 20 others have been followed for more than two years without recurrence. Eleven who were followed for more than three years showed no signs of recurrence. The time between mastectomy and recurrence is termed the "free period." The patients with free periods of more than three years had lower enzyme activities than those who had recurrences within three years of primary treatment (Table I ). The differences were significant for 6-PGD (P<0-02) and lactate dehydrogenase (P<0-01).
Similar differences were found when patients with free periods greater than two years were compared with those with shorter free periods. This suggested that enzyme activity in primary carcinoma might reflect the probable free period. The relationship of enzyme activity and free period is shown in Fig. 1 . Several of the enzymes showed an inverse correlation with free period. This was particularly clear for phosphohexose isomerase, lactate dehydrogenase, and 6-PGD, which were significantly higher in tumours recurring within one year than in those with free periods of three years or more (P<0-02, 0-05, and 0.05 respectively). Most of the enzyme activities in tumours with the most favourable prognosis were indistinguishable from the activities in non-malignant breast tissue (Table I) . ,3-glucuronidase was lower in tumours generally. In making these oomparisons, data for non-malignant tissue from breasts with cystic glandular hyperplasia and those containing tumours have been combined where no significant difference was observed. The only significant difference between these two types of tissue was that cystic breast contained lower isocitrate dehydrogenase activity than uninvolved parts of tumour-containing breast (P<0.01). In cystic breast the isocitrate dehydrogenase activity was also lower than in the tumours (P<0-05).
The acidic nuclear protein content of the breast tumours paralleled the enzyme results in that poor prognosis was associated with high levels of these proteins (Fig. 2) but the differences were not significant. 
Possibility of Two Types of Tumour
In a previous paper (Smith et al., 1966) we described a number of correlations between enzyme activities in breast tumours. The present results confirmed these findings, and in continuing this type of analysis we were struck by an apparent bimodal distribution of the ratio phosphohexose isomerase: acidic nuclear protein (Fig. 3 ). It appears that there are (1) Enzyme activities could reflect the clinical stage or the histological grade of the disease, which are known to be of some prognostic value (Bloom, 1962 (Smith and King, in preparation) . The acidic nuclear protein content of rapidly gr9wing tissues, however, is high (Stedman and Stedman, 1944; Mirsky and Pollister, 1946) and is related to growth rate in mammary tumours of rats and mice (Smith et al., 1966; Smith and King, unpublished observations) . If a similar relationship exists in human tumours, our finding that high acidic nuclear protein content was related to poor prognosis supports the idea that rapidly growing tumours recur rapidly.
(3) Another possibility is that enzyme activities are related to the hormone responsiveness of the tumours, since it has been shown that the probability of responsiveness of recurrent carcinoma of the breast is related to the clinical free period (McDonald, 1962) . We have found low activities of both lactate dehydrogenase and phosphohexose isomerase in pregnancy-dependent mouse mammary tumours (unpublished) , and Rees and Huggins (1960) reported similar findings for rat mammary tumours.
The peculiar distribution of phosphohexose isomerase/acidic nuclear protein may also be related to hormone responsiveness. This interpretation would agree with some results of ours which show that spontaneous pregnancy-dependent mammary tumours in BR6 mice had lower ratios than independent tumours irrespective of growth rate (Table III) . This ratio appears to have some bearing on prognosis, since the proportion of patients having tumours with high ratios decreased with increasing free period (Table II) . It seems that patients with high ratios had a particularly poor prognosis. Pregnancy-independent tumours (rapid growth) Pregnancy-independent tumours (slow growth).. A bimodal distribution of phosphohexose isomerase: acidic nuclear protein in human breast cancer could be explained if acidic nuclear protein were related to growth rate, and phosphohexose isomerase to both growth rate and hormone responsiveness. The use of acidic nuclear protein in the ratio would then act as a correction factor for growth rate, revealing the difference in phosphohexose isomerase. This explanation would also account for the correlation of phosphohexose isomerase and acidic nuclear protein in the two groups of tumours. Further confirmation could be obtained only in a prospective clinical study, which we hope to arrange.
